United States Patent m 

Sawyer 


iiiiiyiiiiiiiiiiiiiiiini 

US005108417A 

[ii] Patent Numben 5,108,417 
[45] Date of Patent: Apr. 28, 1992 


[54] ANTI-TURBULENT, 

ANTI-THROMBOGENIC INTRAVASCULAR 
STENT 

[75] Inventor: Philip N. Sawyer, Brooklyn, N.Y. 

[73] Assignee: Interface Biomedical Laboratories 
Corp., Brooklyn, N.Y. 

[21] Appl. No.: 583,882 

[22] Filed: Sep. 14, 1990 

[51] IntO.* A61B 17/00 

[52] U.S. a 606/198; 606/191; 

623/1 

[58] Held of Search 606/191, 198, 153-156; 

623/1 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,667,069 6/1972 Blackshear et al 623/3 

3,868.956 3/1975 Alfidi et al. ~ 128/345 

4,441,215 4/1987 Kaster » 623/1 

4,503,569 3/1985 Dotter 3/1.4 

4.512338 4/1985 Balko et al 128/1 R 

4,553,545 11/1985 Maass et al. « 128/341 

4,560^74 12/1985 Hammerelag ~ 604/49 

4.580368 4/1986 Gianturco 128/345 

4,649,992 3/1987 Wiktor 128/344 

4,665,918 5/1987 Garza et al 128/343 

4,681,110 7/1987 Wiktor ... » 128/343 

4,690,684 9/1987 McGrcevy ct al I™... 623/12 

4,733,665 3/1988 Palmaz 128/343 

4,739,762 4/1988 Palmaz 128/343 

4,733336 6/1988 Healey 128/334 R 

4,760,849 8/1988 Kropf 128/341 

4,768,507 9/1988 Fischcll et al 128/303 

4,770,176 9/1988 McGreevy ct al 128/334 R 

4,795,458 1/1991 Regan 623/1 

4,800,882 1/1989 Gianturco 128/343 

4,830,003 5/1989 WoMTetal 128/343 

4,878,906 11/1989 Undemann et at 623/1 

4,886,062 12/1989 Wiktor ... 128/343 

4,986,831 1/1991 King et al .. 623/1 

OTHER PUBLICATIONS 

Sawyer et al, "Possible Relationship of Ionic Structure 
of the Blood-lntimal Interface to Intravascular Throm- 
bosis," Surgery, vol. 56, No. 4, pp. 846-854 (1964). 
Dotter, "Transluminal^ Placed Coilspring End oar- 


terial Tube Grafts," Investigative Radiology, vol. 4, p. 
329 (1969). 

Sugita et al, "Nonsurgical Implantation of a Vascular 
Ring Prosthesis Using Thermal Shape Memory Ti/Ni 
Alloy (Nitionl Wire)," Trans. Amen Soc Artif. Intern, 
Organs, vol. 23, pp. 30-34. 

Cragg et al, "Nonsurgical Placement of Arterial Endo- 
prosthesis: A New Technique Using Nitinol Wire" 
Radiology, vol 147, pp. 259-260 (1983). 
Sutton et al, "Vascular Stenting in Normal and 
Atherosclerotic Rabbits," pp. 667-683 (1989). 
Schatz, "A View of Vascular Stents," Circulation, vol. 
79, No. 2, 445-457 (1989). 

Rollins et al, "Self-Expanding Metallic Stents: Prelimi- 
nary Evaluation in an Atheroscheleratic Model," Radi- 
ology, vol. 163, pp. 739-742, 1987. 
Sutton et al, "Titanium-Nickel Intravascular Endopros- 
thesis," AJR. vol. 151, pp. 597-601, 1988. 
Oku et al, "A Titanium-Nickel Alloy Intravascular 
Endoprosthesis," Trans, Amen Soc Artif. Intern. Or- 
gans. voL 23. pp. 399-403 (1988). 
Wright et al, "Percutaneous Endovascular Stents: An 
Experimental Evaluation," Radiology, vol. 156, pp. 
69-72 (1985). 

Palmaz et al, "Expandable Intraluminal Vascular Graft: 
A Feasibility Study," Surgery, pp. 199-205 (1986). 
Cragg et al, "Percutaneous Arterial Grafting," Radiol- 
ogy, vol. 150, pp. 45-49 (1984). 
Tominaga et al, "Intravascular Endoprostheses," Trans. 
Amer, Soc Artjf Intern. Organs, vol 23, pp. 376-378 
(1989). 

(List continued on next page.) 

Primary Examiner— Michael H. Thaler 
Attorney, Agent, or Firm — Pennie & Edmonds 

[57] ABSTRACT 

An anti-turbulent, antj-thrombogenic intravascular 
stent of a helically shaped titanium or aluminum strip 
having an airfoil on internal surfaces thereof for increas- 
ing blood flow velocity through the stent without creat- 
ing areas of stagnant or turbulent flow therein. 
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energy in the compressed state. Upon removal of a 

ANTI-TURBULENT, ANTI-THROMBOGENIC compression means the stent expands and exhibits a 
INTRAVASCULAR STENT circular configuration. 

U.S. Pat. No. 4,649,992, which describes a device in 
FIELD OF THE INVENTION 5 combination with a catheter which is a compression 

This invention relates to an intravascular stent to spring retained by a partially jf^^ 
maXn vascular patency in humans and animals. Also. abutment immedia ely behind he ta^"^ 
Semvention relate to a means for reducing the riskof ter shaft The spnng prostfiesis is tramportw \m th* 
toombosfc due to the implanted stent |A manner to the desired location and released by totally 

r - 10 evacuating said balloon thereby allowing the spring 

BACKGROUND OF THE INVENTION prosthesis to expand linearly. 

Intravascular stents have long been applied to main- U.S. Pat. No. 4.681,110. which describes a catheter 
tain vascular patency. Intravascular stents are used in for delivery of a stent comprising woven plastic strands 
conjunction with balloon angioplasty wherein a balloon % r forming a tube which can be compressed radially. The 
is inflated to expand a constricted vessel in order to 15 orientation of the plastic strands provide the resilience 
restore proper blood flow. The intravascular stent is for tube to expand from the compressed state, 
then positioned inside the now expanded vessel to en- U.S. Pat No. 4,768,507, which discloses a catheter 
sure the vessel maintains the enlarged diameter. comprising an outer cylinder and inner core, wherein 

However, attempts to develop a prosthetic stent said inner core comprises spiral grooves for containing 
which would hold open a blood vessel and not develop 20 a coil spring stent. Pliers are used to facilitate the load- 
transluminal thrombus have enjoyed limited long term mg of the coil spring into said grooves whereupon corn- 
success. There has been very little significant improve- pletion of the loading of the outer cylinder is placed 
ment with the exception of an effort to create a more over the inner core thereby retaining the coil in the 
expansible metallic stent. compressed state until the coil is released. 

For a metallic stent to satisfy the limits for antithrom- » u s. Pat. Nos. 4,690,684, and 4,720.176, each of 
oogenesis while simultaneously maintaining the lumen w hich discloses a stent for aligning the ends of the ves- 
of a blood vessel in which the stent has been placed* the ^ d urm g anatomosis by thermal bonding. The stent 
stent has to fulfill the electrochemical laws for thrombo- comprises an integral solid of biologically compatible 
sis. That is, the stent has to maintain a potential differ- material to align the vessel ends together during 
ence more negative than plus 250 millivolts versus the 30 anatomosis upon completion of the anastomosis the 
normal hydrogen electrode. In addition, the stent must ^ melts mt0 ^ fluid fj owm g through the ves- 

exhibit limited corrosion and limited tissue destruction ^ v § No 4^770,176 also discloses a method of 
over the duration of the stent life. It was found very ma8tomosin g ft vessel utilizing the stent described in 
early on that while some of the metals on the corrosive y g pftt n 0 4 $90 684 

side of the electromotive series would maintain a very 35 u & Pat No' 4,878,906, which describes a prosthesis 
negative potential, many of metals upon ionizing ^ a flcxible thin-walled plastic sleeve for re- 

and going mto solution produced cellular destruction damaged vessels. The sleeve having sufficient 

due to tissue and cellular toxicity. For this reason, the Kf t ^* r the ^muge* area of the vessel forms a 
number of material which can be used to develop a ^ J peripheral ends with the 

U anc lanticorrosive THe most useful of these ap- 

tJ^LontxposaretobLd^tendnottosointo 45 »etal. The angled wires are connected Pbha^dy at 
MM^addG titanium and aluminum develop a alternate ends to ^compressible open endedl ut*. 
very negative potential with reference to the normal A *f N °* ^J* 2 / ^t^™^^ 

hydrogen decide. Titanium and aluminum deposit expandab e coronary stent. The tomato 
almost no coagulant materials, coagulant enzymes, or expandable wire band which is preformed mer zigzag 
nrotcins 50 pattern to provide expansion capability. The band 

A number of patents have been found describing which is wound into a cylmdrical shape is inflated by 
various stent designs as well as methods for delivery of means of a variable diameter device. The band expands 
InTs^nt to STo^red position in the vessel. These radially^exhibiting a cylindrical shape with increasing 

describes methods wherein a stent comprising a temper- each of which discloses an expandable ^u^nal 

ature responsive device is implanted in the damaged graft These grafts are made of wire or a thin balled 

vessel and thereafter expanded by means of an external tubular member and can be expanded by an angioplasty 

heat source balloon associated with a catheter. 

U.S. Pat No. 4,553,545, which discloses a method 60 U.S. Pat. No. 4,760,849, which discloses a planar 

whereby a complex mechanical rotating device and blank which may be made into a hehcal coil spring 

coaxial cables are employed to increase the diameter of stent. 

the implanted stent. U.S. Pat. No. 4,665,918, which describes a system and 

U.S. Pat. No. 4,580,568, which describes a stent method for implanting a generally tubular prothesis 
wherein a single wire fonning a dosed loop is expanded 65 member having an unobstructed central passageway 

in the damaged vessel to maintain vascular patency. into the length of a blood vessel. The prosthesis member 

The loop of wire is compressed to form a series of contracts to a smaller dimension for delivery through 

straight segments and bands, wherein said bends store the unobstructed portion of the blood vessel, and is 
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outwardly expansible in the blood vessel. The prosthe- and inner surface of the vessel. The inner surface of the 
^ member b%ioned in a contracted condition be- stent 100 allows blood to flow therethrough. Advanta- 
tween a delivery catheter and outer sheath, and expands gepusly, the inner surface of the stent is shaped in the 
outwardly in response to the removal of the sheath. form of an airfoil These shapes can be ^c b^chin- 

None of the aforegoing patents, however, disclose an 5 ing a flat strip of titanium or aluminum followed L by 
anti-thrombogenic stent which decreases turbulence configuring the machined strip in the form of a helix, 
and improves hydraulic flow of blood therethrough. The airfoil surface is achieved by configuring each stent 
Accordmgly, there remains a need for such a device. segment to mimic the configuration of an airplane wing. 

Thus, each segment has a leading edge 130 of greater 
SUMMARY OF THE INVENTION 10 heignt than trailing edge 140, with a smooth transition 

It is an object of the present invention to provide an 150 therebetween, as shown in FIG. 2. Thus, the thick- 
improved intravascular stent, whereby the intravascu- ness and cross sectional area of the stent is uniform 
lar stent decreases the turbulence and improves the throughout its length. 

hydraulic flow of the blood through the vessel, thus, FIG. 3 illustrates an alternate embodiment of anair- 
reducing the possibility of transluminal or "out flow 15 foil surface for the stent of the invention. 
turbulence" thrombus developing in conjunction with ment, the thickness of the strip at the forward end 160 of 
thVmiDlantedstent the stent is made thicker than that of the rearward end 

Another object of the present invention is to provide 170 of the stent. The thickness of the strip between the 
an intravascular stent that satisfies the electrochemical forward and rearward ends gradually diminishes to 
laws for thrombosis while exhibiting limited corrosion 20 form a relatively smooth transition area. Thus, the over- 
over the duration of stent life. all configuration of the internal surface of the stent ,s 

The improvements of this invention over the prior art similar to that of an airplane wing. The spaces between 
devices are the ability of the present invention to de- the surface segments formed by the strip do not detract 
crease the turbulence of blood flow and to improve the from its utility of increasing blood flow velocity with- 
hydraulic flow of the blood through the vessel. 25 out creating turbulence of stagnant areas. 

These improvements are achieved in an antiturbulent, As the fluid in the vessel passes over the stent, the 
anti-thrombogenic intravascular stent comprising a hell- airfoil configuration increases the velocity of the blood 
cally shaped strip of predetermined thickness of a non- flow therethrough in the same manner as air flows over 
thrombogenic material capable of assuming a con- the wing of an airplane. Blood flows in the direction of 
tracted position for insertion into a blood vessel and 30 arrow A from the forward end to the rearward end of 
expansible to a normally expanded position having a the stent. The increased velocity of the blood flow 
first end, a second end, an outer surface in contact with passing through said stent reduces the possibility or 
the blood vessel for urging the blood vessel outwardly, thrombosis because the blood flows more rapidly past 
and an internal surface in contact with blood passing the area which previously experienced the buildup or 
therethrough from the first end to the second end. The 35 obstruction. 

stent internal surface includes an airfoil for increasing When a blood vessel has an obstruction, blood also 
the velocity of blood flow through the stent without flows faster as it passes the obstruction, but it produces 
creating areas of stagnant or turbulent flow therein or turbulence and stagnant pools of blood distal to the 
adjacent thereto. obstruction. This can cause thrombus and blood ele- 

A preferred material for the stent is titanium or alumi- 40 ment growth of the obstruction due to material deposit- 
num and an airfoil may be formed on the strip of non- ing from the turbulent and stagnant blood pools. The 
thrombogenic material by including a leading edge and present invention avoids these problems by configuring 
a trailing edge connected by a smooth transition area the inner portion of the stent to have an airfoil or ven- 
therebet ween across the width of the strip, with the turi, tube like surface. Thus, as blood flows by, its speed 
height of the leading edge being greater than that of the 45 is increased and its pressure is decreased without creat- 
trailing edge. Alternatively, the airfoil can be formed by big turbulent or stagnant areas of blood. This higher 
providing the predetermined thickness of the strip at the speed, lower pressure blood flow moves rapidly past 
first end to be greater than the predetermined thickness the stent, thus preventing the deposition of material 
of the strip at the second end, with the predetermined therefrom. Also, the lower pressure of the blood flow- 
thickness of the strip between the first and second ends 50 ing through the stent causes any material which would 
aradually diminishing to form a relatively smooth tran- tend to deposit to be pulled away from the wall of the 
sition therebetween. vessel where the stent is located. By use of the stent of 

the invention, the obstruction is removed and means are 

BRIEF DESCRIPTION OF THE DRAWINGS pr0 vided to prevent its regrowth. 

FIG lis a side view of a stent in accordance with the 55 Advantageously, the stent is formed from a thrombo- 
present invention in position in a blood vessel; sis resistant material, such as titanium or aluminum, as 

FIG 2 is an exploded view of the stent of FIG. 1 to noted above. The titanium or aluminum stent upon 
show the airfoil surface thereof; and exposure to blood maintains a potential difference more 

FIG. 3 is an exploded view of another airfoil surface negative than 250 millivolts versus the normal hydro- 
for a stent according to the invention. 60 gen electrode, thereby fulfilling the electrochemical 

laws for prevention of thrombosis. Also, titanium and 
DETAILED DESCRIPTION OF THE aluminum stents exposed to blood deposit almost no 

INVENTION coagulant materials, coagulant enzymes or proteins, 

The stent of the present invention is preferably a thereby further reducing the possibility of thrombosis, 
titanium or aluminum air foil helix. FIG. 1 illustrates the 65 In addition, metals which tend to go into solution pro- 
stent 100 in position in a blood vessel 110. When im- duce cellular destruction due to tissue and cellular tox- 
planted onto an obstruction 120 in the vessel 110, the icity thereby reducing stent life. Stents of titanium, and 
outer surface of the stent 100 contacts the obstruction to a slightly lesser degree aluminum, produce a non- 
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soluble oxide on exposure to blood and tend not to go the strip at the first end is grater 

is expressly incorporated herein by reference thereto 4 ^ ^ of daim x whercin an ^0)1 is formed on 
Upon reaching the desired location in the damaged ^ _ of ^.thrombogenic material 
vessel, the outer sheath of the delivery system is re- 5 of claim j w hcrein the predetermined 

moved and the stent expands radially contacting the XQ ^^gss 0 f the strip between the fim and second ends 
inner walls of said vessel thereby, preventing a decrease gradually diminishes from the thickness of the first end 
in the diameter of said vessel. to the thickness of the second end to form a relatively 

While it is apparent that the invention herein dis- smooth transition therebetween, 
closed is well calculated to fulfill the objects above 6. An anti-turbulent, anti-thrombogenic intravascular 
stated, it will be appreciated that numerous modifies- 15 stent comprising a helically shaped strip of predeter- 
ttons and embodiments may be devised by those skilled mined thickness of a non-thrombogenic material being 
in the art. For example, the internal surface airfoil con- capable of assuming a contracted position for insertion 
figuration may be obtained by bending or cold forming into a blood vessel and expansibk to a normaUy ex- 
IS rather than bTmachming such surfaces on the panded position having a first end, a second end, and 
it k int^nH^ that the annended claims cover all 20 outer surface in contact with an outer surface in contact 
stnp. It is mtended t^M^M ™^J£?£Z with said blood vessel for urging said blood vessel out- 
such modifications and [^^^l!£^ wardly, and an internal surface in contact with blood 
true spirit and scope of the present invention. passin g therethrough from said first end to said second 
What is claimed is: end, said stent internal surface forming an airfoil with 
1. An anti-turbulent, anti-thrombogenic mtravascular ^ ^ ^ etennined thickness of the strip at said first end 
stent comprising a helically shaped strip of predeter- than the predetermined thickness of the 
mined thickness of a non-thrombogenic material capa- 8trip at ^ ^ cn ^ t and the predetermined thick- 
ble of assuming a contracted position for insertion into ness ^ tne 8tr jp between the first and second ends grad- 
a blood vessel and expansible to a normally expanded ^ y ^inmiishing to form a relatively smooth transition 
position having a first end, a second end, an outer sur- 30 therebetween, said airfoil increasing the velocity of 
face in contact with said blood vessel for urging said blood flow through the stent without creating areas of 
blood vessel outwardly, and an internal surface in stagnant or turbulent flow therein, 
contact with blood passing therethrough from said first 7. The stent of claim 6 wherein the non-thrombogenic 
end to second end, said stent internal surface forming an material is titanium. 

airfoil for increasing the velocity of blood flow through 35 8. The stent of claim 6 wherein the non-thrombogenic 
the stent without creating areas of stagnant or turbulent material is aluminum, 
flow therein, wherein the predetermined thickness of 
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